SCF complexes are a conserved family of ubiquitin ligases composed of a common core of components and a variable component called an F-box protein that defines substrate specificity. The F-box motif links the F-box protein to the core components via its interaction with Skp1p. In yeast, the SCF Met30p complex contains the Met30p F-box protein and regulates Met4p, a transcription factor that mediates sulfur fixation and methionine biosynthesis. Although a nuclear protein, Met30p lacks a definable nuclear localization sequence. Here we show that the entire amino-terminal half of Met30p is required for its proper nuclear localization. Mutations in the F-box, but not mutations in Skp1p, affect Met30p nuclear localization, indicating that the F-box motif plays an important role in Met30p trafficking independent of its interaction with Skp1p binding. Met30p mutants that poorly localize to the nucleus display increased nuclear to cytoplasmic exchange, indicating that the amino terminus mediates nuclear retention in addition to nuclear import. The Met30p F-box motif, residues 180 -225, is necessary and sufficient to bind Skp1p; however, mutations upstream of the Met30p Fbox inhibit Skp1p binding. We propose that additional factors bind the amino-terminal region of Met30p and mediate its nuclear localization and assimilation into an SCF complex.
The ubiquitin (Ub) 1 -proteasome pathway represents a highly conserved mechanism of regulating protein abundance in all eukaryotes (reviewed in Refs. [1] [2] [3] . The transfer of Ub onto a protein substrate is a multistep process. A Ub-activating enzyme (E1) activates Ub in an ATP-dependent manner, resulting in the formation of a thiolester linkage between the carboxyl-terminal glycine of Ub and the active site cysteine of the E1. Ub is then transferred, via a thiolester linkage, to a member of a family of Ub-conjugating enzymes (E2s). E2 enzymes have the ability to conjugate Ub to an nonphysiological protein substrate in vitro. An isopeptide bond between the carboxyl-terminal glycine of Ub and the ⑀-amine of a substrate lysine is formed. Reiteration of this linkage, using a lysine within Ub itself, results in the formation of a poly-Ub chain on the substrate protein. To target specific substrates in vivo, Ub-conjugating enzymes require additional proteins to facilitate this step, referred to as Ub ligases (E3s).
One of the largest families of ubiquitin E3 ligases is the evolutionarily conserved multimeric complex referred to as the SCF family (for review, see Refs. 4 and 5) named after the components that were initially identified (Skp1p, Cdc53p, and an F-box protein). SCF complexes contain a common set of components, namely Skp1p, Cdc53p (or cullin in higher eukaryotes), and the RING protein Hrt1p (alternatively named Rbx1p or Roc1p). The latter is thought to provide a docking site for an E2 enzyme, and in yeast the major E2 associated with SCF complexes is Cdc34p. These proteins are linked to a variable protein component, called the F-box protein, which is responsible for substrate recognition. Recent crystallographic analysis has confirmed a wealth of genetic and biochemical evidence by demonstrating that the ϳ40-amino acid F-box motif links the F-box protein with the common SCF components by binding Skp1p (6 -8) . Components from yeast and human SCF complexes produced in insect cells have been demonstrated to possess Ub ligase activities (9 -12) . Thus, SCF complexes define a family of E3 ligases that may be distinguished by a particular F-box protein, which in turn determines substrate specificity for that complex. The different complexes are designated according to the variable F-box component (e.g. SCF Met30p contains the Met30p F-box protein). SCF complexes were initially described in the budding yeast Saccharomyces cerevisiae, and it is in this organism that some of the most extensive analysis on SCF complexes has been performed. As with other organisms, yeast contains multiple F-box proteins including Cdc4p, Grr1p, and Met30p, which have been demonstrated to form SCF complexes. These complexes may recognize multiple substrates and play key roles in controlling the abundance of cell division cycle regulators and transcription factors that coordinate cellular responses to environmental changes (reviewed in Ref. 4) . The SCF Met30p complex regulates methionine biosynthesis by controlling MET gene expression (13) (14) (15) (16) . MET genes encode transporters and enzymes necessary for the uptake of sulfate and its assimilation to methionine and cysteine. In combination with other factors, the SCF Met30p substrate Met4p activates MET gene expression (reviewed in Ref. 17) . In the presence of L-methionine, Met4p is targeted for degradation by the SCF Met30p complex (15, 18) .
Although demonstrated to be a nuclear protein (15, 19) , how Met30p enters the nucleus has not been determined. Additionally, the processes required for an F-box protein to be assimilated in an SCF complex are unknown. To address how F-box proteins are targeted to the desired subcellular location and are assembled into an SCF complex, we have mapped regions on Met30p that are required for these processes. Here, we show that the amino-terminal portion of Met30p, including the F-box motif, mediates Met30p nuclear localization and association with core SCF components. However, these processes appear to be independent of each other. trp1-⌬63 his3-⌬200; kindly provided by M. Goebl). Standard rich (YPD) and defined minimal SD media were prepared as described previously (23) . Transformations were carried out as described previously (24) . For plasmid selection, yeast cells were grown on defined minimal medium supplemented with the appropriate amino acids. For galactose induction, cells were grown as previously described (19) . Strains containing a temperature-sensitive mutation were grown at the permissive temperature (23°C) and were incubated further under nonpermissive conditions (37°C). For two-hybrid interactions in PJ69-4A cells, patches derived from single colonies were replica-plated onto media lacking adenine.
EXPERIMENTAL PROCEDURES

Yeast Strains and Growth Conditions-The
Plasmid Constructions and DNA Sequencing-Escherichia coli DH5␣ was used to propagate plasmids. Plasmid manipulations used standard protocols (25) . The vector pEG(KG) was used for the expression of glutathione S-transferase (GST) fusion proteins (26) . Expression of the GST fusion proteins was from the GAL1 promoter. All GST-MET30 fusion constructs were created by cloning PCR-generated DNA fragments using plasmid-borne MET30 DNA as template (pP58 kindly provided by Steve Reed) as described previously (21) . Primers annealing to the 5Ј end and 3Ј end of MET30 were designed to incorporate an XbaI and SalI restriction enzyme site, respectively. The PCR products were cleaved with the appropriate enzymes and ligated into pEG(KG), which had previously been digested with the same enzymes. Table I  lists the oligonucleotide primers used in this study, and Table II lists the constructs derived from using the different sets of primers. Each construct is numbered to indicate the amino acids from the complete Met30p protein that are encoded.
The following describes MET30 containing constructs that were not cloned using the above method. DNA fragments corresponding to a 3Ј-portion of MET30 containing L187D and E190A point mutations were made by PCR in which the primer annealing at the 3Ј end contained the desired mutation. The PCR product generated from primers MET30-1a and MET30-8b as well as MET30-1a and MET30-10b were restricted with XbaI and BglII and ligated into pGST-Met30(180 -640) that had been restricted with the same enzymes. This generated pGST-MET30(1-640)(L187D) and pGST-MET30(1-640)(E190A), respectively. For pGST-Met30(⌬161-169), primers annealing to the 5Ј and 3Ј end of Met30(1-161)p were designed to incorporate an XbaI and SphI/ SalI restriction enzyme site, respectively. pRS316-Met30(1-161)p was generated by PCR using primers Mt30-1a and 5Ј-tttgtcgacgcatgctaggatcccatccagaatcag-3Ј. The PCR product was cleaved with the appropriate enzymes and ligated into pRS316, which had been previously digested with the same enzymes to generate pRS316-Met30(1-161)p. Primers annealing to the 5Ј and 3Ј end of Met30(169 -640)p were designed to incorporate an SphI and SalI restriction site, respectively. Met30(169 -640)p was generated using 5Ј-ggggcatgcatttcgatttcgtcactcgttacacac-3Ј and 5Ј-cccgtcgacctaatcattgagatcgaatttg-3Ј. The PCR product was cleaved with the appropriate enzymes and ligated into pRS-316-Met30(1-161)p, which had been previously digested with the same enzymes. Upon ligation, the resulting plasmid, called pRS316-Met-30(⌬161-169)p, was used as a template for pEG(KG), pGFP, and two hybrid vectors. For pGSTMet30(S163N/Q167R/S169P)p, primers annealing to the 5Ј and 3Ј end of Met30(161-640)p were designed to incorporate a BamHI and SalI restriction site, respectively. A PCR product was generated using 5Ј-gatgggatcctatcgacgaattgcttcccacggcttccctacatttcgtcactcgttac-3Ј, which incorporated three point mutations (S163N, Q167R, and S169P) and primer Mt30-2b (Table I ). The PCR product was cleaved with the appropriate enzymes and ligated into pRS316-Met30(1-161)p, which had been previously digested with the same enzymes. Upon ligation, the resulting plasmid, called pRS316-Mt30-TM2, was used as a template for pEG(KG), pGFP, and two hybrid vectors. GFP constructs were made as follows. The GFP-encoding gene was amplified using primers 5Ј-cccgaattcatgagtaaaggagaagaacttttc-3Ј and 5Ј-aaaggatcctttgtatagttcatccatgccatg-3Ј, which anneal to 5Ј and 3Ј ends of GFP respectively. These primers contained EcoRI and BamHI restriction enzyme sites, and these enzymes were used to restrict the PCR product and pHY314 (kindly provided by Steve Elledge). Upon ligation, the resulting plasmid, called pHY314-GFP, contained GFP downstream of the GAL1 promoter. All other GFP constructs were generated as in-frame fusions with GFP using this plasmid. Plasmids pGFP-MET30(180 -640), pGFP-MET30(227-640), and pGFP-MET30(300 -640) were cloned by ligating BamHI-SacI fragments generated from the appropriate pEG(KG) construct into pHY314-GFP digested with the same enzymes. The remaining GFP-MET30 fusions were cloned by ligating XbaI and SacI PCR-generated fragments into pHY314-GFP digested with the same enzymes. Plasmids pGFP-Met30(⌬161-179), pGFP-Met30(E190A), and pGFP-Met30(L187D) were created using the primers used for the construction of pGFPMET30(1-640). Additionally a control GFP encoding plasmid was constructed that incorporated an in-frame stop codon. When transformed into yeast cells, this GFP con- struct was used to compare the fluorescence signals generated by the above constructs. Plasmids pGAD, pGBD, pACTII, and pAS1-CYH2 were used to generate constructs used for yeast two-hybrid analysis, and the primers and constructs used are listed in Tables I and II . The MET30-containing PCR fragments were either restricted with NcoI and SalI and ligated into pAS1-CYH, or restricted with NcoI and XhoI and ligated into pACTII, which were both treated with the same enzymes. The SKP1-containing PCR fragments were restricted with BamHI and SalI and ligated into pGAD and pGBD vectors treated with the same enzymes.
For DNA sequencing, DNA was prepared according to Qiagen/Eppendorf kit specifications and sequencing was carried out by the Arizona State University sequencing facility.
Microscopy and Photobleaching Analysis-Microscopic analysis of live cells expressing GFP fusions has been previously described (19) . The fluorescence signal for each image was normalized with respect to that for the image of GFP fused to full-length Met30p. After images were captured, the GFP signal was analyzed numerically using IPLab software (version 3.2). Measurements of fluorescence signal from an area corresponding to the position of the nucleus and cytoplasm were taken for 30 -60 cells, and measurements of background fluorescence were taken for each field of cells. The ratio of nuclear to cytoplasmic signal was calculated after subtracting the background fluorescence from the nuclear and cytoplasmic values. Fluorescence loss in photobleaching (FLIP) experiments were performed with a Bio-Rad Radiance 2000 confocal microscope (25-milliwatt argon laser, Nikon TE300, 100ϫ plan apo objective; 1.4 numeric aperture). After induction of the GFP fusions, cells were placed in non-inducing media containing cycloheximide (1 mg/ml). Cells were placed on a pad of PBS containing 2% agarose under a coverslip. The cytoplasmic region to be bleached was centered in the field, and a circular region (ϳ1 m in diameter) was then bleached at high laser power (usually 20% power) without scan. Samples were repeatedly imaged and bleached 15 times at 5-s intervals. Images were acquired at 3% laser power. Image analysis was performed using the IPLab Spectrum software (Scanalytics, Fairfax, VA). The signal of the background was subtracted from all measurements. To eliminate the bleaching factor resulting from repetitive exposures, the values measured for the target cell were presented as the percentage of the signal measured for the corresponding area (cytoplasm or nucleus) of the non-bleached reference cell. The percentage of the signal corresponding to either the cytoplasm or the nucleus was plotted against the number of bleachings.
FIG. 1. The amino terminus of Met30p is necessary and sufficient to mediate its nuclear localization.
Left, a schematic diagram of Met30p illustrating the positions of the F-box and WD-40 repeat motifs with the GFP fusions used in this study and their analysis using microscopic techniques. Y382 cells producing the indicated GFP fusion protein from the GAL1-10 promoter were grown in sucrose to midlogarithmic phase and incubated in the presence of galactose for an additional 3-4 h. The presence of the GFP fusions was monitored (labeled GFP) as described under "Experimental Procedures." Nuclei were visualized by adding 4Ј,6-diamidino-2-phenylindole (DAPI) to the culture before observation. DIC, differential interference contrast. Right, quantification of the indicated GFP-Met30p fusion proteins. The nuclear and cytoplasmic signals were quantified as described under "Experimental Procedures." The ratio of nuclear to cytoplasmic signal was calculated and is shown in graphical form, on the right-hand side. Using a two-sample t test to analyze the statistical difference between each sample and wild type Met30p, every sample had a p value less than 0.01 except Met30(1-299), which had a p value of less than 0.05.
Protein Preparation and Western Immunoblot
Techniques-Yeast lysate preparations and Western immunoblot techniques were carried out as described previously (27) . Antibodies against GST and MYC were purchased from Sigma, and antibodies raised against HA epitope were purchased from Roche Molecular Biochemicals. Anti-Skp1p antibodies were a generous gift from Dorota Skowyra. For GST pull-downs, cells were lysed in 250 mM NaCl, 50 mM Tris, 5 mM EDTA. 1 mg of protein was incubated with 50 l of glutathione-Sepharose 4B (Amersham Biosciences) for 2 h. Precipitated protein was subjected to Western immunoblot analysis as previously described (28) .
RESULTS
The Amino Terminus of Met30p
Mediates Nuclear Localization-Using a variety of software programs, a recognizable nuclear localization sequence was not found in Met30p. Thus, to further map the region that mediates its proper localization, we created a series of GFP fusion constructs containing various portions of Met30p and determined their location in live cells using fluorescence microscopy. The signal generated by GFP not fused to any Met30p sequence was observed to be present throughout the cell (Fig. 1) . In contrast, the signal generated by most members of a panel of GFP-Met30p fusions exhibited an increase in nuclear concentration (Fig. 1) . By quantifying the intensity of fluorescence emitted from the cytoplasm and nucleus, we were able to evaluate the relative ability of each construct to be properly localized to the nucleus (Fig. 1) . The efficiency of nuclear localization of full-length Met30p was equivalent to that of a fusion containing the amino terminus of Met30p, GFP-Met30(1-299)p. In contrast, fusions containing the carboxyl terminus of Met30p commencing at either residue 300 or residue 409 were poorly localized to the nucleus. Thus, sequences within the amino-terminal half of the protein are necessary and sufficient for proper Met30p localization. To determine more precisely the portion of the amino terminus required for proper nuclear localization, additional constructs were made. GFP-Met30(1-277)p and GFP-Met30(1-180)p displayed a decrease in the efficiency of nuclear localization compared with GFP-Met30(1-299)p. Additionally, fusions containing truncations in the amino terminus, GFP-Met30(180 -640)p and GFP-Met30(50 -640)p, also localized to the nucleus poorly. Fig. 1 . Right, the ratio of the nuclear to cytoplasmic fluorescence for each of the indicated polypeptides was determined as in Fig. 1 . B, localization of GFP-Met30(1-640)p in cells containing the indicated temperature-sensitive mutation incubated at the nonpermissive temperature. Cells were grown at 23°C to midlogarithmic phase and incubated in the presence of galactose for another 3-4 h. The cells were then shifted to 37°C for another 1 h, when a uniform terminal morphology was observed and images were taken. C, graphical representation of nuclear to cytoplasmic fluorescence signals for skp1-12 (Y554) cells producing GFP-Met30(1-640)p incubated at the indicated temperature.
Together, these data indicate that sequences throughout the amino terminus of Met30p are important for mediating Met30p nuclear localization and these sequences are bound between residues 1 and 299.
The F-box Motif, but Not Skp1p, Plays an Important Role in Met30p Nuclear Localization-We next attempted to identify residues within the amino terminus that mediate Met30p nuclear localization. Previously, we have demonstrated that overproduction of a polypeptide corresponding to the amino terminus of Met30p (residues 1-225) acts in a dominant negative fashion by specifically inhibiting the SCF Met30p complex (19) . We had also generated mutants of this allele that had lost dominant negative activity. Thus, this collection of mutants was exploited toward identifying residues within this fragment of Met30p that are important for nuclear localization. Mutations upstream of the F-box, in residues 163, 167, and 169, had a modest effect on the localization of GFP-Met30(1-225)p ( Fig.  2A) . In contrast, versions of Met30(1-225)p containing mutations within the F-box, P188L, P188S, and C211Y, displayed a more pronounced defect in localization than those versions containing mutations upstream of the F-box (Fig. 2A) . Thus, in the context of the truncated version used in this assay, the integrity of the F-box motif appears to be important for Met30p localization. Because the F-box is a binding site for Skp1p, we wished to determine whether nuclear localization of the different versions of Met30(1-225)p correlated with their ability to bind Skp1p. As expected, GST-Met30(1-225)(P188L)p, GST-Met30(1-225)(P188S)p, and GST-Met30(1-225)(C211Y)p, which contain mutations in the F-box, failed to associate with Skp1p as determined by co-precipitation analysis (Fig.  3A) . Surprisingly, the remaining versions of Met30(1-225)p that contain mutations upstream of the F-box also failed to interact with Skp1p (Fig. 3A) . Thus, although mutations in the F-box motif affect the nuclear localization of GFPMet30(1-225)p, the association of Skp1p does not appear to influence this process.
We tested whether mutations in the F-box of the full-length protein would result in its mis-localization. We generated versions of Met30p, Met30(Ll87D)p and Met30(E190A)p, that contain point mutations in residues that are highly conserved within the F-box motif. As expected, these versions failed to complement a mt30-6 temperature-sensitive mutation (data not shown) and failed to interact with Skp1p as determined by co-precipitation and two-hybrid analyses (Fig. 3, B and C) . Further, such versions displayed decreased efficiency in nuclear localization compared with wild type (Fig. 1) . We next explored whether the activity of core SCF components is important for Met30p localization. In cells containing the skp1-12 temperature-sensitive mutation not only is SKP1 activity compromised but Skp1-12p association with F-box proteins is undetectable (14) . In skp1-12 cells incubated at the permissive or nonpermissive temperature, Met30p localized to the nucleus with equivalent efficiency (Fig. 2, B and C) . Similar results were obtained for strains containing temperature-sensitive mutations in CDC53 and CDC34 (Fig. 2B) . Thus, although the Met30p F-box motif plays an important part in Met30p localization, this process is independent of Skp1p and of other SCF core components. 
SCF Met30p Biogenesis
Homo-multimerization Is Not Required for Met30p Nuclear Localization-We have previously demonstrated that Met30p residues 1-225 but not 1-180 interact with full-length Met30p (19) . Therefore, we wished to test whether homo-multimerization mediated Met30p nuclear localization. To map the region mediating Met30p homo-multimerization in more detail, lysate prepared from cells co-producing HA-Met30p with different members of a GST-Met30p deletion panel was used for coprecipitation analysis. Whereas GST-Met30(1-180)p and GSTMet30(277-640)p displayed decreased association with HAMet30p, the remaining constructs, containing residues 1-640, 1-277, and 180 -640, associated with HA-Met30p (Fig. 4A) . Therefore, sequences bound by residues 180 -277 are important for mediating homo-multimerization. Although this region contains the F-box, residues 180 -225 are insufficient to interact with full-length Met30p (Fig. 4B) . Further, point mutations within the F-box fail to disrupt the interaction with HA-Met30p (Fig. 4B) . Our observation that GST fusions containing the L187D and E190A point mutations as well as residues 50-640 (Fig. 4B) interact with HA-Met30p efficiently, yet these mutations affect Met30p nuclear localization (Fig. 1) , indicates that nuclear localization occurs independently of homo-multimerization.
The Amino Terminus of Met30p Mediates Nuclear Import and Retention-To probe the role that the amino terminus plays in Met30p nuclear localization more deeply, we performed photobleaching experiments. To evaluate the exchange rate between the nucleus and cytoplasm of Met30p mutants lacking the amino terminus, we measured the FLIP. In such experiments, cells expressing a GFP-Met30p fusion were treated with dextrose and cycloheximide to inhibit the transcription and translation of the GFP fusions. A living cell was then repeatedly bleached in a small region within the cytoplasm. Following individual bleachings, a single exposure was taken and the signal corresponding to the cytoplasm and the nucleus was measured. The loss of the signal in the nucleus resulting from repetitive bleaching of the cytoplasm is indicative of the exchange rate between these compartments. Five different constructs were chosen for this study. Upon FLIP analysis of cells producing GFP-Met30(1-640)p, a decrease in the nuclear signal was observed, dropping to 73% of its original value at the end of the experiment. This indicates that fulllength Met30p undergoes a small amount of exchange between the nucleus and the cytoplasm (Fig. 5A) . In contrast to this, cells producing GFP-Met30(409 -640)p, which was previously shown to be present in the cytoplasm and nucleus to an equivalent extent (Fig. 1) , displayed a dramatic decrease in the nuclear signal, which dropped to 29% of its original value at the end of the experiment. This suggests that the exchange rate between cytoplasm and nucleus for this portion of Met30p is rapid (Fig. 5, A and B) . FLIP analysis of GFP-Met30(180 -640)p (Fig. 5, A and B) , GFP-Met30(1-640)(L187D)p (data not shown), and GFP-Met30(50 -640)p (data not shown) demonstrated an intermediate decrease in the final nuclear signal, being 58, 56, and 56%, respectively. This indicates that these molecules had a slower rate of nuclear to cytoplasmic exchange than that for GFP-Met30(409 -640)p but faster than that for GFP-Met30(1-640)p (Fig. 5, A and B) . Because versions of Met30p containing mutations in the amino-terminal region displayed a faster nuclear to cytoplasmic exchange than wild type, we propose that the amino terminus mediates nuclear retention as well as nuclear import.
Sequences Upstream of the F-box Play an Indirect Role in Binding Skp1p
to Met30p-Because we have identified versions of Met30(1-225)p that failed to interact with Skp1p, but contained mutations upstream of the F-box, we decided to precisely map the Skp1p binding site on Met30p. The GSTMet30p deletion panel described above was tested for their ability to interact with Skp1p. As expected, Skp1p was capable of binding to versions that contained the F-box (GST-Met30(1-640)p, GST-Met30(1-225)p, and GST-Met30(180 -225)p) but not with versions that lacked the F-box (GST, GST-Met30(1-180)p, and GST-Met30(277-640)p). Indeed, by two-hybrid analysis, a region containing the F-box alone, residues 180 -225, is capable of interacting with Skp1p (Fig. 4C) . The same two-hybrid analysis confirmed that residues 1-180 were incapable of binding Skp1p, whereas residues 1-225 interacted with Skp1p (Fig. 4C) . Combined with our analysis of versions of Met30(1-640)p containing point mutations in the F-box (Fig. 3,  B and C) , the F-box is necessary and sufficient to interact with Skp1p. Because the F-box motif does not commence until residue 180 and because Skp1p does not interact with Met30(1-180)p, we conclude this portion of Met30p does not form significant contacts with Skp1p. However, mutations within this portion of Met30p do affect the ability of Met30(1-225)p to interact with Skp1p (Fig. 3A) . Therefore, we investigated whether the same mutations upstream of the F-box made in Met30(1-225)p are important for Skp1p binding in the context of the full-length protein. Unlike their truncated counterparts, each mutant version was capable of interacting with Skp1p (data not shown). Because the mutations upstream of the F-box cluster to a small region, we tested whether combining these mutations or making a small truncation within this region would affect Met30p in vivo activity and interaction with Skp1p. In contrast to wild type Met30p, a version containing all three mutations, GSTMet30(S163N/Q167R/S169P)p, complemented a mt30-6 temperature-sensitive mutation poorly and a version containing a nine-amino acid deletion, GST-Met30(⌬161-169)p, had no detectable in vivo activity (Fig. 3D) . Further, GST-Met30(⌬161-169)p failed to interact with Skp1p as determined by co-precipitation analysis and by two-hybrid analysis (Fig. 3, B and C) . Therefore, sequences upstream of the F-box in Met30p are essential for its interaction with Skp1p. However, because GFP-Met30(⌬161-169)p displayed no aberrant localization, this sequence is not required for proper Met30p nuclear localization (Fig. 1) .
DISCUSSION
Because of their extensive presence throughout all eukaryotic taxa and their significant role in diverse biological pathways, SCF complexes have come under intense scrutiny. However, their mechanism of assembly and transport to a desired subcellular location has received little attention. Toward understanding how the substrate specificity factor of an SCF complex gains access to the nucleus, we determined the region on Met30p that mediates this process by exploiting a panel of GFP fusions that contained different portions of Met30p. Although the size for each member of our collection of GFP fusions exceeded 50 kDa, above which simple diffusion into the nucleus plays an insignificant role (29) , none of our GFP fusions was entirely excluded from the nucleus. Only one of our constructs, which encoded GFP-Met30(409 -640)p, generated almost equivalent cytoplasmic and nuclear fluorescent signal similar to that observed for GFP. Displaying varying degrees of nuclear accumulation may reflect that the fusions were produced from the GAL1-10 promoter and nonspecific localization to the nucleus was obtained as a result of the high abundance of the fusion protein. However, GFP was produced from the same promoter and did not display nuclear accumulation. Therefore, the reason none of our fusions was excluded from the nucleus may be that Met30p has multiple nuclear trafficking pathways. Possibly, these pathways utilize sequences throughout the protein and the different pathways vary in their efficiency to target Met30p to the nucleus.
We observed that the amino-terminal half of the protein localized to the nucleus with equivalent efficiency of the fulllength protein, whereas the carboxyl terminus localized with the least efficiency. Because the carboxyl terminus of Met30p contains sequences that interact with its substrate (15) substrate is a nuclear protein, it is possible that this portion of Met30p is being targeted to the nucleus in a Met4p-dependent fashion. However, no difference in the localization of GFPMet30(277-640)p in a strain containing a met4 deletion was observed (data not shown). Thus, Met4p can be ruled out as a factor that mediates Met30p nuclear localization. Because the amino-terminal portion of Met30p plays the most significant role in mediating nuclear localization for the protein, we concentrated on determining what elements within this region are involved in this process. Point mutations within the F-box motif as well as deletion mutations in the amino terminus affected Met30p nuclear localization. From these observations, we propose that sequences throughout this entire region act in concert for proper nuclear localization of Met30p. Observing that the F-box plays a role in Met30p nuclear localization expands the function for this motif in the context of this protein. That the F-box motif plays this role in other F-box proteins is unlikely. Indeed, Cdc4p contains a definable monopartite NLS sequence that is located within its amino-terminal region (30) . Further, the WD-40 repeat motif of the F-box protein ␤-TrCP associates with a pseudosubstrate, which appears to escort ␤-TrCP to the nucleus (31) . Thus, different F-box proteins have evolved different mechanisms to mediate their proper localization.
Although proper nuclear localization of Met30p requires the integrity of the F-box motif to be maintained, it is independent of Skp1p (Fig. 2) . We have observed that nuclear localization is unaffected in cells containing the cdc53-2 or the cdc34 -1 temperature-sensitive mutations. Therefore, proper Met30p nuclear localization is independent of other SCF complex components and presumably occurs in a state unassociated with SCF components. Because we had previously noted that a polypeptide corresponding to the amino terminus of Met30p interacted with full-length Met30p, we suspected that Met30p homo-multimerization would serve as the signal for nuclear localization. However, the fact that fusions containing residues 50 -640 and 180 -640 as well as full-length versions containing point mutations in the F-box are targeted to the nucleus poorly (Fig. 1 ), but associate with wild type Met30p efficiently (Fig. 4, A and  B) , refutes this notion. Thus, we propose that the Met30p nuclear import occurs in the absence of SCF core components and homo-multimerization, but requires protein(s) that bind throughout the entire amino terminus of Met30p, including the F-box motif.
What role does the amino-terminal portion of Met30p play in localizing the protein to the nucleus? Using FLIP analysis, we demonstrated that GFP fusions containing amino-terminal deletions displayed increased exchange between the nucleus and the cytoplasm (Fig. 5, A and B) . We interpret this observation to indicate that such constructs have a nuclear retention defect. Thus, the amino terminus appears to mediate nuclear import and retention. We were unable to address whether the nucleus is the site for SCF Met30p complex assembly, because none of our constructs containing mutant MET30 alleles was excluded from the nucleus or were retained within a single compartment. We did attempt to identify extragenic mutants that failed to import Met30p into the nucleus. However, we were unable to identify a single karyopherin mutant that appears to be responsible for Met30p nuclear import (data not shown), consistent with the notion that Met30p utilizes multiple routes to gain access to the nucleus. Analysis of SCF core components is consistent with the model that the nucleus is the site of SCF complex assembly. The nuclear import of the SCF core component Cul1 requires association with Rbx1 but not with other SCF components, indicating that individual components likely have independent routes to the nucleus (32).
In addition to its role in mediating nuclear localization, the amino terminus of Met30p plays multiple roles that are important for Skp1p binding. As expected, mutations within highly conserved residues of the F-box motif prevent Skp1p binding (Fig. 3B) . Further, residues 180 -225, which define the F-box, are sufficient to interact with Skp1p (Fig. 4C) . As demonstrated for other F-box proteins (6 -8) , this region is likely to contact Skp1p directly. We also revealed, unexpectedly, that mutations upstream of the F-box sequence prevented Skp1p binding in the context of a truncated portion of Met30p as well as the full-length protein (Fig. 3, A-C) . It is possible that the latter mutations disrupted the tertiary structure of the F-box motif or altered its accessibility, preventing Skp1p binding. However, Met30(⌬161-169)p displays no defect in nuclear localization, an event that is exquisitely sensitive to the integrity, and presumably accessibility, of the F-box motif. Therefore, we propose that the amino terminus of Met30p plays a role in the assimilation of this protein into an SCF complex. The extensive studies conducted upon F-box protein-Skp1 interactions include structural analysis of yeast and mammalian complexes (6 -8) . However, none of the structures described includes the entire F-box protein and the role played by the amino-terminal region of an F-box protein in interacting with core SCF components is unknown. The fact that residues upstream of the F-box are not conserved between other F-box proteins and Met30(1-180)p does not interact with Skp1p indicates that Skp1p is unlikely to make significant contact with this portion of Met30p. Possibly, in the context of the full-length protein, Skp1p binding requires structural alterations of the amino terminus of Met30p and these changes are mediated by factors that are no longer bound by Met30(⌬161-169)p.
